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1^^^ ^3. Jl-n-^^^ (Eigenbeamforming)# ^-g-?> MIMO-OFDM M ^^^^ 

1 

MIMO, OFDM, JZ-n-^^^, 
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JZ-n-^ ^-g-^ MIMO-OFDM Aj^^i ^ o]£] «i^>g {A 

MIMO-OFDM SYSTEM USING EIGENBEAMFORMING TECHNOLOGY AND EIGENBEAMFORMING METHOD IN 
THE SAME} 

1-^ ^ ^^^^ ^ A] oil oil MIMO-OFDM Aj^B^^ M"^!^^ :£t3o1i:^. 

^ 2^ ^ loll ^x\^ jz-^s.:^ '§^y]m ^^^]^] :£i3oiT^. 

^ 3-^ ^ 2011 ^A]^ ^1-^^l^tl ^^7l# M-El-Lfl^ 

^ 4^ ^ loll :£Ai*i- jz-^^ ^1^>^1# ^^^fl^l M-Ei-uii^ 

l^T^o] ^^\^ 7l^^o> ^ 3 «.o>oi ^5ll7l#] 
<5> 1^^^ MIMO (Multiple Input Multiple Output) -OFDM (Orthogonal Frequency 

Division Multiplexing) ^l^^^oll ^tl" -^^1 ^1"%^ ^3. Jl-n"^^^ 

(Eigenbeamforming) # ^-§-*} MIMO-OFDM ^l^t^oll ^ o} r^- . 

<e> (beamforming) 7]^^ ^7}^ oj^^ '^>\^ W# ^ 

eil Al-g-Sl^Uil. MIMO Al^t^oll^^:^ ol-g-^Pl ^e>o^ ^>%> ^11^ oil 

(beamforming) ^-g-^l" ^ Sitq-. ^^tl^-^S (cl osed"! cop) e>%1= 

^3 7l## ^-g-^Pl ^^fl^H^ ^l^l^ol ^>%^ ^3.^ nlSl <^>jz 
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olojo]: nl-^tll , FDD (Frequency Division Duplexing) SHofl^H^ '^^^>%^ ^fl ^ -2] 

<7> asdcil, ^fl^^ ^n^^^ ^^o] ^^>^ #^1 ^^^^ 

°.A\t\7] Ttfl^oll, ^11^^ ^^^> (spatial covariance matrix)©] °- 

^mi^^ ^'l-^ ^Hl ^^^^3. ^"4^ ^-g-^ ^J^ol 

ol^-itP ^5fl ojs- ti-T^>oilxH 5i]H^-5j ^il- ivfl;^! e>^i:+^ °]t]1 

^l^H (blind) wj-^ojs^^ ojS-ifV Hj-^ ^ ^fl^^ 

(channel reciprocity) # ol-g-*>^l ^^o]] ii^^mo] Sii:+JZ *>^1 , ^ 

El7> ^A] (short-term) ^fl^ ^ ©1 # Ttl-e+7>Al 2>^:B.^ rq-ojH^AlEl o]^^ ^ 
1^. T^ol^l^lE^ o]^^ ^Jl^l- tl-t+i^ il>H^l ^>%1=^3^ ^^1 ^fl^^ 

i (channel state information, CSI)# ^IVH^I 31] sfl o]:nl- ^Vc^ . 
<8> "An Adaptive Technique for Transmit Antenna Diversity with Feedback"©] S]-^ 

7]m-£:\ ^^(lEEE Trans. On Vehicular Technology. Vol.51. No. 4. o]^\ ■^*J7]# 
l'o]£]- %V)o1] lt]-si3, W-CDMA X]^t^o1]xH iI]H^-5jo11 ^7l*> ^-g-^ ^ ^ 7]## ^1] 

iifl^)o] ^A]^ -.Ai]7> ^. o] 7]^^ #>y oi-Ei]i^^7> 3^1^ ol^^:£ 

1^. "A semiblind Method for Transmit Antenna Arrays in CDMA Systems"^^ 
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^^(lEEE Trans. On Vehicular Technology, Vol.51, No. 4, o]^\ ' ^^g:^]^ 2 ' 5+ 
^fl^^ #^1^ ol-S-*>o^ «ol-^# ^ilo>*>SjZ, " 

Exploiting the Short-term and Long-term Channel Properties in Space and Time: 
Eigenbeamforming Concepts for the BS in WCDMA"e+^ ^il^^ (European Trans. 

Telecom, Vol. 12, o] ^> '^^3^]^ 3' o]^ ^V)oflAH^ i^ol^l^l^l- ol-g-^l"^ ^ 

^o] ^> 7fl 11+^ 711 ^l-^l- ^ (eigenvalue) oil i^-g-^l"^ -r-^fl?]- JZ-^^El 

# o>i^JZ 7>^?]-tl-. ol Ji-^TiJlE-l^-^ *>%>^3 ^11^^ ^^^> *S^o11 ^^11 ^ 

511-^ ol^T^+^^^^Ei Ol 3iiH«Jl# -i-511 71^1^011 ^>^^ ^ul-. ol 

^1-71 (long-term) -g-^-A} ^^^ol^l- ^1-^cil , ol ^^^^ ^^^1 ^^Pl ^fl^oH ;^ 

SlTll ^tilolJE n'^M, ^^^> *3^^1 ^crfl ^ol^ j7 0.Hjitl^^ 3Il:^iifl 

^^Dl 3ii:b«-31^:£ ^om. ?1^1^^ sii:^^]!^! ji-^iijiti ^oii^^ ^xi ^11^^ 

AVtflcHl rcl-e} e^i^ol j7 --HTiEil- >Jj^^>ol ^^^3 7>#^l«itl^ M 

^ Sii^. ol Ji-^^ti7> eM°l ^11^ ;^il^^>7l 

Ttfl^oll, Jl-^SHSl- ^?>1^. Ul-Al T^V^^T^ ji-^iU^-^ 7l#^ ^>7l ^71- ^^A> 

oil oleil ^5ll^ 711 ^11^ JZ-^^tl# 5ilH^%^ TT ol-i-lsl-, nl^l ^ol^ 

Ji-^^tl # o|H ^ol 7l-^> #^ Jl-^^tlo]^l# 3llH^-31^^ ^^^^^ol tl-71-ij^ 
(short-term sel ect i on) *l-:£^ ^l"^^^ HH>^ 2ll ol ^ # . olufl, 
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<ii> ^w}^^^ y]^]^ °}tHM^ o^^flo]^ ^^5] ^>y-i2} ^o]] 

^>:^^ ^^ofl ^1^^ A>^# (local scatters) o] oq,^ ZL'^\B.^, ^\^^ ^3. ^"4^ 

^1-^^ (spatial correlation) o] ^ ^fl-S] -^All*> JZ-n-S.:B (dominant 

eigenmodes)!- . o] uflo^ JZ-^S.:^^ ^l^l^I^ o] ^> ^^^l-Jl ^ 

<12> a&lM-, JZ-^^^^ OFDM Al^t^ofl ^-g-*>^ ODFM°^ 2> 

[i^VTgol ol-J7;^> 7]^^ 12} Ail] 

<13> i^>^Ol Ol^Jl^> 52}^il^ Ol^ ^Iw^ ^All^# dfl^ 

^^^^H, ^ ^^^^ OFDM Al^t^ofl^-i ji0.ai^^^ ^^^^ o^^^ A>-g-Hl^ 

<14> o]^ ^^^>7l ^ ^^^^ ^^^1 MIMO-OFDM 

L 7fl°l #^^^1-, M 7fl°l ^^o>t11M-# ^^^^ 

# 5Z]H^^>^ 5Z]H^^l^^l# a?]"^!-^ MIMO-OFDM Aj^^t^ 
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<i5> A>7i 

wm^ '^S'g*^^ ji-^s-H -^s^^i: 

<19> A>7l ^5 ^^1^1 ^sfl oi^Hj-o]- OFDM ^5^^>^ 1^ 

<2o> ^>^. ^^o\] ^j-^^ L 7fl°i ^^oj-tfli^^ 

S}, M 7fl°] ^^oj-tiiq-^ ^tJ-^l-^ MI MO-OFDM Aj^^^o^ ^ch^ 

<22> (b) >y-7l K 7fl°1 ^^oVtiluh ^o\] 1^^^}^ ^T2y^ ^^m^ 1^711; 

Til 

^^^^ (c) ^7] ^A>*> ■'^ .ofl^l Jl-^^^-^ wit-ioii ufl-g-^}^ ^>7l s^H^Jj ^ 

^S} -^«>#5I1- 3.#ofl Cfl-i-^}^ 1^71 i^B.'^ ^iofl 7l^^>0^, -^it>#5Z]- ^> 
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<24> ol-^floflX-l^ ^^M- #J1^ ^ ^^^^ € A] Oil Oil tfl^l-O^ ^ ^^^Ol 

^ ^^^-^ o^e-i ^^o]^ ^ Si^o^ o^^l^ll^H € 

^^IS^^ ^3^n^^. ^^^l^H -i-^>f^ tflsflAH^ ^ 

<25> ^7> L, T^^oVtHq- ^71- MO] ^^^>#5I]- (Single carrier) MIMO A] 



<26> 



<27> 



<28> 



= ^ll{q)ws{q) + n(^) 



n(q) ( "<^ > — [''1 ^^^ jv-r V" )^ <; ^x>" <;^x>J= ■ ^ ^7>^ 

<29> ^^>A1 loll ^^fV ^^1^:^ r(q)^ Al^^cfl^l-^Ul^ 3]^^ 

7\%7\ TiJlE-l^ ^fl^o] ^71- ^^A> Rjj(q) (1*H C'?) = ^[W^ C^)HC'7>J ) 

^ Jl'n'-^l (maKimum eigenvalue) i^-^^^ JZ-n'^t] (maximum eigenvector) o] 

1^. 
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<30> = 

•^TIW^ " C^"^ (long-term spatial covariance 

matrix) ojsl- ^^)^ , ^7] ^'i^ l^^^ 2^ ^ 



<31> 



[-^>Ai 2] = (i-p)Rh + pR.v/(^) 



o]^]- (forgetting factor) oju^. j7°.til^>g ^tjl- ^7] ^ti\o^ ^>ol ^'i 

# (eigendecomposition)^!-!^ l^^-^l ^^^^ 3# ^ Sil^. 

<33> ^ 

[^n^ 3] = EDE 

^^^^ /r o^7lAH. tflZ>*5^ (1> = ^'«^(A.^2^"^^L) , (E=[ei, eg 

eL])oli. ei^ (eigenvalue) oju^ . > ^2 - - - > ^/.e , o. ^o.^| ^o. 

^^^^ 71^1^0] ^^oll 7l^^>o^ 7>^> ^ Ji-^^loll tfl-g-^^^ ^A-<^7fl°l 

Ji-^ifllE-1# ol-tq-JZ 7>^*1-T3, ''■-Ofl^ JZ-^^ ^E-io] ^>7l 511 H^-^ 52} HH># 
3llolT^(fast fading)^^ ol^> ^^^^ JZ-^^1# '^-Oflol JL^^ 



El § Jl-^-^l# Jl-^T^E] (best eigenvector)!- % 



1 i;: ^ ^ Id ^ 



><A -J- —I o 



^OIIAH ^# ^01:^^ ^^^-^ ^^^2(.-^f)o]] ^J!}^}^Z\ 
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<3V> II Ii2 

w(^)= arg max ||H(^)e,,|| 

[ ^ ^> Al 4 ] e„ =L 2 ■ A' 

<38> a&l M- , ^ ^ ^^ol , ^ ^ ^ ^1 W# OFDM A] -^t^ oil ^ ^ , 

-^^>#5ii-7> ^st^ 2iioiT^ ^fli^ AVoiiAH m]o]^% ^m^\B.^ 

<40> ^7> L, ^^o>t|iq- MO] MI MO-OFDM A]^^^ ^j-^l^^ ^^ll ^1" 

7^x1 OFDM ^>JZ. '^^xl ?>#^1 ^E-i w/rC^)§ s(0o^ k«1?^fl *><^^^> 



<42> 



[-^vAi 5] S(0 = [wi (0 W2(0 - Wj^'(0]D(0 
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<43> 



1^ 



<44> 



-y^ltiiq- /n} ^>yo>tiiq- i!?^> ^fl^^ ^31^^ -3-^^ ^^^-^ 62f ^>t:+ 



<45> 



6] 



1 

V /? -j-j27q}k/K 
p = Q 



<4e> 



tllM^ ^V-S] ^fl^i -g-^ (Channel Impulse Response, CIR)o1b^^ ^fli^ o] ^ 



<47> 



7] 



<48> 



II 2 



R 



H, 



^ (power delay profile) ojoZ 



^ p,m,s^p,m 



<49> 



7011 o^5fl AjTV^g^ofl^^ ^^S]-^ ^^^> (normalized 



spatial covariance matrix) ^ii^ S.^ T^^^^^ll ^"^^j-D^ 



(multipath coef f i ci ents) o] ^ ^^^o] '^T^JL 7}^^ k^^^fl ^^^^#5^-011 sfl 

^*>^ MI MO ^fl^ ^^^^ 8^ ^^o] M-E^-i^ ^ Sit+. 
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<50> 



8] 



<51> 



aH-i^S. ^sii^^^^^l^H ^fl^ ^^^> ^^^^ 9^ ^^"4 



o1 tJ^ 



<52> 



9] 



H 



[1 



<53> 



<54> 



R 



s,t 



H 



10] 



p=0 



OFDM Al^BfloflA^ ^th^3Il-7> JZ-n-^tl ^' f ^-n-t>l^ ^^1 ^l-^ 

^^^^-n^}^ aiioi^ 7^:^^ # 
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<57> 



7> :£](>| ^(>|:^7ll ^1^. 



<58> 



1,2 ---.J^ 



<59> 11] 



w arg max X! H/^(z')e 



■ft 



^, i:flei-o^ ^^t> ji-^s^l- >y^^>:£^ ^>o^ 311 

<62> ;c 1^1-^ ^Xlo^loll uq-s- MIMO-OFDM ^l^^^^ M-^i^^ FDD 

7^^^ ^^^\y\ ^*]- i-^:£oii:+. 

<63> 1^ %>^^>i3. ^ ^^^^ ^Alo^loll TC]-^ MIMO-OFDM ^l^tfl^ K7fl°l ^w}^5l1^ 

# OFDMAl^t^^^A] , L7fl°l (131a, 131b ■■■,131L)# 

(10), M 7fl°1 ^^o>tllM- (231a, 231b ■••,231M)# ^^^(20) ^ ^^^^(20)°] 

#^-^(10)^ SlH«-^*>^ (40)# i?]-?]-!^. 
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<64> ^>ya.(10)^ ^^/^^ ^f^^l (S/Pidf^7l) (100) , (Copier) (110) , JZ 

(Eigenmode generator) (120) , ^ oil fj-^l (Inverse fast Fourier 
Transformer) (130a, 130b, ■• , 130L) ^ #^ ?>t|l (131a , 131b 131L) # 

<e5> ^Aiw.(20)^ o} til 1^ (231a, 231b 231M) , ^^^Itiiq- ^ (M) ^^2] ^ 

elolli^S>7l (Fast Fourier Transformer) (230a, 230b. ■■■ , 230M) . JZ-^^ :^1^>?1 
(Eigenbeam Calculator) (220) , ^^^^^7] (Detector) (210) ^ ^ ^ ^ ^?^7l (P/S 
T^^7l) (200) # i?l-t>i:^-. 

<66> #^^(10)^ ^^/^^ ^?l-7l(100)^ ^^#311- ^l 7}\^{]Q TJ}^^ 

>y ^ ( '"^'i iO^ -'►'2 (O^ - - • . '"^'A' (O ) K711 °l ^ ^ -il J:^ «>^^ ^^^1 ol , -il 

J:^A>7l (110)^ ^^/^^ i^Sl-^l (100)011 ^crfl #^=1 K711S1 -y:5:(101a, 101b, 

■■■,ioiK)l- ^>yo>tiiM- ^(L) L #^^1-^ ^^^loli^. 

^, ^:^^A>7i (iio)^^ti ^Ai->y:^ iiia, iiib, ■■■,iiil^ p^H ^^m- 

& (/=1,2. - ,1) . 

<67> 52-^5.^-^5^^1(120)^ ^^-^(20)01 Ji-^^7ll^>7l (160)^-^El tII^VhIoI ^>%>^ 

3.^ SlH^Jl^^^l (40)# #nll ^>7l 5I1H«J1^ ''■/71101 Jl-^i|l^^ ^E-1 (^l^>#5ll-7> ^ 
Jl-^^^^ ^El ^t># 7>^) ^oflAH ^>%>^3 3XlH«J^^l--^l (40) # #511 ^^1 31 

zv -^«>^3ii-ii j7-^«i«JiE-i oi >ytfl ^^di Tr}E+ zi- -^y>#3ii-ii^ >y-7i 

:^(llla, 111b, -,1111)^ Jl-^^ (^-^ JZ-^S.:^)# 

<68> 2^ ^3^^1 (120)1- ^i-'Hl^l M-Ei-Lfl^ :£i3olt+. 
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# L 7fl°] -y:i:(iiia, iiib, ■■■,iiiL)v]- (40)1- # 

cifl ^il^^ 1^+7] 31] (short-term feedback) ^>7l 31] (1 ong-term feedback) 

<7o> jz-^s.:^ ^5^7] (120)^ K7fl°] -y:^ «(oi- ^x[^ l 7}\°] ^^o]] ^ 

"^^A Kf7fl5] ZL^^^ ^, ^5^^1(120)^ ^^fl^ 

K7fl^ (Ilia) 1- ^^fl-*^ Kf7fl^ 3# ' ^^/(223a-l, 

223a-2 223a-Kf)^^ Jl , ^ ^^i^fl^ K7fl^ ^ ^ (111b) 1- ^7fl^ 

Kf^fl-S] ^#(223b-l, 223b-2 223b-Kf) 1-+^^. # ^tflul- ^i^H^ 

yl^^Vtq-. (223L-1, 223L-2 223L-Kf) . 

<?l> JZ-^S-H ^5^^1(120)71^ JZ-^S.H^3^7l uH^l TaiE-l ^^71(221) 

^o|^ Kf^flo] 71-^^1 iaiE-l# ^>7l 3# ^^^1^-^^, Jl-n-S-H 

^5^71(120)^ Kf7ll°l 71-^^1 liflEl ^ ai^^ll ^tl ^1 ^ '^^'12.- ■sT^^Il) (222-1) 

1- Zl- o>t|ll^^ -51 ^fl 3^ -A]:!: Gl(223a-1, 223b-l 223L-1) ol] ^t>i:+. ^, Jl-^ 

^3^71(120)^ ^^^11 ^>t|ll^o] Gloll ^^\^ ^\^^l^^"'^^K'o^^ 

Hj^ll o>t^lM-°l ^1 oil ^^1-^ '^l ^-^2; • • *oii^ ici-e]-^^ , ^. 

y>#3xl- ^^^^ ^^^>o] ^-^^Ml ^tt. 

<72> I]l-^>7l-.xl ^ , Jl-^ ^3^71(120)71^ ^-^H ^ ^1 

^2 -0^'2b^'22' '^'^2l) (222-2)# ^> o}tiiM-°] 3# ^2 (2233-2, 
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223b-2 223L-2)o11 ^t\o^ ^«}^3I]- -Ai^^T+i'^7r+2''"' ^'2^ ^ :g- o.^|.^ _ o| ^ 

^ # ^^^l-o^ Kf «1 ^fl ^ tl ^ ("^'^/l ^ '^''/:72 ^ • ■ ^ ) (222-Kf ) # ^> 

o}t)iq-o] Kfi^^fl ZLW ^'^f (223a-Kf, 223b-Kf 223L-Kf ) ofl ^nj-o^ -^ii!^#5Xl- >y 

<73> a Ji-^S^^^^^l (120)^ a#T]>Ut ^>l^o^ 

<74> 3^ 7l-#^l«3lEl ^^71(221)1- ^^-^^l^l M"^!^^ 

^. ^ 3ofl :£Xl*> yj-if :^>ol , 7|--.^]ia31tl :i^7l (221)^ Jl-^-^ ^tllolH7l (321) if 

Kf7fl°] Jl-^S.H^^7l (322-1 , 322-2 322-Kf ) # it3^?>t+. 

<75> 3^ #^^>i3, Jl-n-^ ^tllolH7l (321)^ ^^^^^^ 31] H^-^^i"-^! (40) # -f-crfl 

Jl-^^ ^^>#5l1-oll s-^eM. Kf7ll^ 71 (322-1, 

322-2 322-Kf)^ JZ-^-^ ^ til ol H7l (321) ^^t] ^^?> '^-Ofl^ Jl-n-^ 

iiTiti# oi^u>j7 _ y\ j7-^s.:b^^71^ 311:^^-51 ^>^l (40) oil ^1 efl T^+7i 3x1 :b 

T^Jl^ ^ioil icl-el- nlel oj^^ '^ -Ofl^l #^11^1 7111- ^^^l-ol Jl-^S-Hl- 

^^?>l^. Jl-^S.H^^7HlAl Jl-^SH^ 7f#^lTifltl^ S^^^tll, Kf7ll 

^ Ji-n-S.H^^7l (322-1, 322-2 322-Kf)^ ^>^> 71-^^1 liJl E] 
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<V6> L ^^Slo11i^s^7l Cl30a, 130b, •■• , 130L) ^ JL-^S-B. ^5 ^ ^1 (120) ^-^tl 

^^sl z>z> K^flo] ^^^^ol- OFDM ^J^eil ufl^ ^>^1 o] ^ ojufl 

, L7fl°1 ^ ^S] oil (130a, 130b, ■•■ , 130L) o^j S]t]\ ^g^^ OFDM^##^ 

S.^ ^^^W. ^^S]ofli^S}-7lo11 o^sfl ^3^^ OFDM oVtliq- (130a, 

130b, ...130c)# #Brfl ^^^i:^-. 

<77> ^^^(20)^ oil i^S>7l (230a. 230b 230M) ^ M ^^"^^^^ #5fl 

^Al^ ^>^> oi^i|>o> ^S^oll i^S^^ -^-^5e>o^ K7fl°l >y:£(221a, 221b, ■■■ , 

221M)-1- #^^>7ll ^t^-. Jl-^^^l^>7l (220) ^ oil T^S3-7l (230a, 230b 230M) 

t1 ^7] ^^o]] Ui\i\o] ^fli^^^^ ^l-o^ 2011 o^sfl ^A] ^fli^ ^^-L>^ 

^^^> ^^>J1, 3# ol-g-efl ^'/7fl°^ (dominant) JL^ ^ 

<78> 4^ Ji-^^ ^1^>?1 (160)1- ^^^11^1 M-^i^^ 

<79> 4011 :£Xl*> B\S} ^>ol , Jl-^^ ^1^>^1(160)^ M7fl°l ^flii^^7l (261a,261b, 

261M)il- Kf7fl°] ^Al^^^^7l (262-1 , 262-2 262-Kf) , Ji-^^^] t-i 71] >L>^1 

(263), Kf^flo] ji-^TiflE]^tfl7] (264-1 , 262-2 262-Kf ) # 

<80> ^fl^^^7l (261a, 261b 261M) ^ M^>°] ^^o]] ^^\<^ ^ 

H.y].^3j^,g^ ^fl^^^# ^*^*>i^. Jl-^^t] 7^1>L>^1 (263)^ ^fl^^^7l (261a, 261b, 
261M)^^t1 ^Jiofl T:fl^>o^ 1 ^ ^^^^ 10# ol-g-^>o^ ^ 

^-Hiltl ( ' )# 7ll-<i>5flvflol Kf7fl°l 71 (264-1, 262-2, 
262-Kf)^ All-g-f>i^. 
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<8l> ^^71 (262-1, 262-2, ...262-Kf)^ ^ ^fl^ ^^^l^-^t] ^ 

^^^>oK ^^^1^. ^, A ^fl^^^^l^ -^^>#5i1-€ n^^^^A^A^ 

^H^ltfl^ ^y^^ Kf7fl^ i^^ol -^^^ ^^fl^ ^^l^^^^^l 1 (262-1)^, Z± 
^^fl^ ^^1^^^^7l2 (262-2)^ :S.Lflji S]^ol^l-o1 ^^fl^ ^^1^^ 

^^71 Kf (262-Kf)^ ^il^^i^. 

^^>o^, Jl-n-^t1^tfl7] (264-1, 264-2 264-Kf ) ^ i^i^ . 

<83> JZ-^^t] (264-1, 264-2 264-Kf ) ^ T^-i-^>^ ^^1^^ ^^7]^ 

o]^^ ol-g-^l-o^. ^1^1 "--Oflol -^^11?> 

oil- 1^3:71 iXlH^^i^ ^t>tq- 
<84> ^^11^^^, ^T^i^fl Jl-^^H--1>ij^7l (264-1)^ ^i?i^fl ^^1^^^^71(262-1)^ 

oj^sl ^^1^^# ol-g-^l-ol t^lSl ^^=1 "^/^flol -?-^fl^> 
J7 °-iiJlE-1 (^l'^2.---.eA'.,) ^^^^^ ^Xl-^I^O] 7>^> ^ ^>L4S] jlo.ii3lE-1# -^^^^O^ 

oil- 1^71 311 (265-1)^ ^?>1^. ^^^11 Ji-n-^t1>Jj^7l (264-2)^ ^^^11 ^^1 

-^^^^71(262-2)^^^1 oj^^ ^^1^^# ol-g-e>o^ Djel o^^^ ''■/7ll°l -^^11t> 
J7-^«31E1 (^l'^2.--%eAy) ^ofl^^ ^Aj^^o] 7>^> ^ ^>M-°1 J7-^ia3lEll- >j^e>o^ o] 
1 1^71 ill H^Jl^i (265-2)^ ^?>i^. o]^ 7ll^e>o^ Kf^i^ll JZ-^^El-^Jj 

^7l(264-Kf)^ Kfi^^ll ^Al^^^^7l (262-Kf)^^tl ^Al^^# oj-g-^l-o^ 
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M-^ Jl-^^E--1# >y^*>o^ ol§ (265-Kf)^ ^ . JZ-^^El 

1- ^-^^>:^^ ^^>^3q-ii^ oi^o^^l^ ^o] o}}j\^ K7)\2] ^^^n 

<85> ^>7liZ]H^^:i (266)^ Jl-n-^tl7ll>L>^l (263)oflA^ <^ t>| ^ ^fl^ ^^>-g-^^ 

Jl-n-^t] ^1^^2."-.eA' ..^ ^^^^ ^ oJ^^l-S]- (quant i zat i on) 

<8e> ^>7it> ^^^"^3. 3i]:^iifl^>^l (4o)# 

#^>o^ #^^(io)qi^ jz-^s.:^^3^7i (120)^ ^^^^til. 1^1^71 ill ^!^?> 

(coherent timejifloU 5XlH^5flo> ^>7l SX] ^ JS-^ ^ ^i^>#5q^ 

^> ^ ^l-M--^! 5XlH^^>T3 ^1^. 

<87> ^#^#^1(210)^ JZ-^^T^l-y-^l (220)o1lAH ^o|^ %)\^ oj-g-^l-o^ 

^(10)S] >y:^^A>7l (110)011 oj^sj K ^^1^1 ^#5fl tfl^ ^V^lolD^, 

^^7] (200)^ -yj:^ «>^^ 

<88> OjAVofl^^ ^^*> ^>Ol , ^ ^^^^ ^ A] oil oil ^ , ^^^1 K7]\°] ^^^i^ 

# ^^^> 
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K ^^^^nm^ ^# (group) ^o]A\ ^<^7fl°l ZLW^^ M-^Jl. 

<89> ojAVoflAH^ i^VTgo^ ^Ajolloll tfl^>0^ ^ ^^y]^ 

^mm so.^. ^ ^^^^ gi# ^ 7]^Tl^now 

<90> ojAVollAH ^^tl- ^^ol , ^ ^^^1 ^^"^ Jl-n-^^^ OFDM Al^^oll ^ 
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[^^%^ 1] 

# ^^^1 ^^^^ 3l1:^Tifl^>^ 3l1:^iifl^>^l# SlJ-^l-^ MIMO-OFDM ^l^t^cHl 

ji-^S-H 

^5 ^71 oil >yj:§ ^^^l-ol- OFDM ^5^^>^ 1^ 

S^^e]-^ MIMO-OFDM 

2] 
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^^>^3I1- M-^ol Kf7fl^ 7>^^1 Wltloll ^1]-^^^, Zl-Z>^ ^^>^3I^ ZLW 

^1 T^-§-^>^ ^^?> ^5^^!-^ ^# ^^-^^ MIMO-OFDM Aj^t^ 

3] 

# ^3-^^>^ 7>#^1 ^tl:i^7l# a?]-^!-^ MIMO-OFDM ^Ir^:^^. 
4] 

^^>#3il-7> ^-^^>^ " fP^S] jz-^^^El# ^tilolH^}^ Jl-^^ ^t11olH7l^. 

7l# ^^T-e]-^ MIMO-OFDM A]^^. 
5] 

30-23 



A>7l >^^0\] T^^}0] ^fll^^^^ ^\o^ ^^>L>^ 

^^^> ^^>Ji, ■'' ■Ofl^ Jl-n- ^*>^ JZ-^^ ^1^>^1# a 

?]"*>^ ^# -^^^^ ^1-^ MIMO-OFDM Al-^t^. 
[^^%^ 6] 

ZVZl- A>71 «.^:^E-1 ^^si K7fl°l ^^o]] ^^\o^ Aflig M7fl 

Z>Z> ^^^>^ Kf 7fl°] ^Xl 

>y-7l ^fl^i ^^7l^^El #^=1 >y:^ofl i:fl^>o^ «.idl-^3q-ofl ^<U^ ^fl^ ^ 

- ^^7l^«.t1 ol-g-^>o^. A>7l '''.Ofl^l ^^^]^ 

^ Kf ^flo] Ji-^i31ti ^^7l# it]-^>^ MIMO-OFDM Aj^t^. 
[^^%^ 7] 

4>7l JZ-^^ 711>L>71^ 
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MI MO-OFDM A] -it^ . 
[^^%^ 8] 

MIMO-OFDM Al>;^. 
[^^%^ 9] 

MIMO-OFDM Al^^o^ ^^^oll Si'^I^H. 

(b) ^7] K 7fl5l ^^°>tiluh ^oll i:fl-g-^>^ ^^1: 

Til 

^w>^3ii- tfl-§-^>^ 1^71 3ii:b«-3] ^:a.oii 7l^^>0^. ^^>^3I1- ^> 

M-^ Jl-^^^^ ^5^^>^ i^+7ll# MIMO-OFDM ^1^^^^ «J-^ . 
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[^^%^ 10] 

^^1 (C)^ 

A>7l K 7floi ^i-T]>ut ^711^ Kf7floi -^i^i-^st 

^7] Kf 711 °1 ^«>*3I1- Kf7fl°1 7>#^1 «3lElo11 ^e>o^ ^"^^^ 

ZLW>\] ^^^> ^3^^!-^ ^7111- itJ-^l-^ MIMO-OFDM ^l^t^o] ^ 
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